The diazonium tetrafluoroborate 11 obtained from 2-amino-N-methyl-N-(1-phenyl-3-methylpyrazol-5-yl)benzamide was transformed in dry acetonitrile via an ionic or radical pathway. Differences were observed with respect to ionic or radical transformations in aqueous media of the analogous diazonium hydrogen sulfate 1 derived from the same amine. In acetonitrile solution, the ionic pathway was characterized by an increased yield of 1,4-dimethyl-3-phenyl-pyrazolo[3,4-c]isoquinolin-5-one 4 and by the formation of its isomer, the new derivative 7,9-dimethyldibenzo[e,g]pyrazolo[1,5-a][1,3]diazocin-10(9H)-one 12. When the reaction followed a radical pathway, the pyrazolo[3,4-c]isoquinoline derivative 4 and N-methyl-2-(1-phenyl-3-methylpyrazol-5-yl)benzamide 17, the latter due to a 1,4-pyrazolyl transfer process, were isolated in low yields. Decomposition of the solid diazonium tetrafluoroborate at its melting point gave compounds 4, 12 and the N-(1-phenyl-3-methylpyrazol-5-yl)-2-fluorobenzamide 17. The crystal structure of compound 12 was also determined.
Introduction
The Pschorr reaction involves intramolecular carbon-carbon bond formation between two aromatic rings of an aryl or heteroaryl diazonium salt through a carbonium or radical intermediate. 1 Previously we studied the transformation in aqueous media of the diazonium hydrogen sulfate 1 (see Scheme 1) under experimental conditions which allow this type of reaction to follow an ionic 2, 4 or radical [5] [6] [7] pathway. In both cases we isolated the unexpected (3'SR,4'RS)-4'-hydroxy-2',4'-dihydro-2,5'-dimethyl-2'-phenylspiro[isoindoline-1,3'-3'H-pyrazol]-3-one 5, the formation of which could be rationalized as outlined in Scheme 1. 8, 9 Moreover, compounds derived from 5, such as 3-methyl-1-phenyl [2] benzopyrano [4,3-c] pyrazol-5(1H)-one 8, (RS)-2',4'-dihydro-2,5'-dimethyl-2'-phenylspiro[isoindoline-1,3'-3'H-pyrazole]-3,4'-dione 9 and N-methylphthalimide 10 were also isolated 8, 9 (see Figure 1 ).
The product 4 of ring closure of the Pschorr reaction was obtained in low yield and only by thermal transformation of 1, 10, 8 which is expected to follow an ionic pathway. [2] [3] [4] On the basis of the above results, it appeared interesting to perform the transformation of the diazonium ion derived from 1, in non-aqueous media or in the absence of solvent, in order to establish the fate of the 3 and 7 spiro intermediates under these conditions. With this aim, we have studied the thermal decomposition of the analogous diazonium tetrafluoroborate 11 in dry acetonitrile solution at reflux (about 82 °C) (Scheme 2) and at its melting point (143-144 °C) (Scheme 3). Moreover, for a radical pathway of the reaction, an electrochemical reduction of 11 was performed in acetonitrile, according to Scheme 4.
Results and Discussion
The decomposition of the diazonium tetrafluoroborate 11 in acetonitrile at reflux afforded the two expected products of the classical Pschorr reactions: 1,4-dimethyl-3-phenyl-pyrazolo [3,4-c] isoquinolin-5-one 4 and its isomer 7,9-dimethyldibenzo[e,g]pyrazolo [1,5-a] [1, 3] diazocin-10(9H)-one 12 (50 and 14% yields respectively). The lower yield of 12 with respect to that of 4 is probably due to the increased ring tension in 12, as well as to the longer distance between the reacting phenyl groups than between the pyrazole and the phenyl in the intermediate 2.
11 From a synthetic point of view, the main differences of this transformation with respect to that in aqueous media were the higher yield of 4 and the formation of the diazocine derivative 12, of potential pharmaceutical interest. Dibenzodiazocine derivatives have a wide range of pharmacological properties such as antireserpine, anticonvulsant, anorexigenic and endocrine activities, 12 in addition to their antidepressant action. 
Figure 1
When the diazonium tetrafluoroborate 11 was gradually heated at its melting point, compound 4 and the fluoro derivative 13 were obtained in low yields (28 and 7% respectively) together with the diazocine 12 in a poor amount. Compound 13 was also prepared in higher yield by an alternative route as outlined in Scheme 3. The 1-phenyl-3-methyl-5-aminopyrazole 14 was condensed with the 2-fluorobenzoyl chloride 18 to give the amide 16, the N-methylation of which produced the
From a comparison of the two pathways followed by the thermal transformation of 11, we realized that experimental conditions play a significant role in this reaction. In fact, the fluoro derivative 13 was not isolated when 11 was heated in acetonitrile solution under reflux. The transformation of a solid diazonium tetrafluoroborate into a fluoro derivative is known as the Baltz-Schiemann reaction.
14 In the case of 11 this reaction competes with the Pschorr reaction, which prevails over the fluoro-de-diazoniation process. Finally, electrochemical reduction of the diazonium salt 11 in acetonitrile at room temperature, in order to produce the radical species 6, afforded compound 4 together with the pyrazole derivative 17, namely N-methyl-2-(1-phenyl-3-methyl-pyrazol-5-yl)benzamide (Scheme 4). The latter is produced via a 1,4-pyrazolyl transfer from nitrogen to a phenyl radical, followed by the addition of a hydrogen atom, possibly by abstraction from the solvent. The crucial difference with respect to the cuprous oxide or copper reduction of 1 in aqueous media was the presence of 4 and 17 in the reaction mixture, which were not obtained in aqueous media, probably because of a faster hydroxylation reaction of 7, involving a Cu(H 2 O) n ++ species, 9 than the ring closure of 6 or transformation of 7 into 17 (Schemes 1 and 5). The radical 18 did not afford any product of intramolecular radical substitution, such as 19 and 20. This observation allowed us to conclude that hydrogen abstraction is the most favourable process to stabilize the species 18. 
Conclusions
In the course of our investigation on the transformations of diazonium tetrafluoroborate 11 in nonaqueous media or in the absence of solvent, we observed some differences regarding the behaviour of the analogue diazonium hydrogen sulfate 1 in aqueous media. Thermal decomposition of 11 in acetonitrile at reflux represents the best route to obtain a higher yield of 4, as well as the diazocine derivative 12, even if in low yield. The above results demonstrated that the carbonium intermediate 3 does not evolve towards any species, in any way different from that of the radical 7. Finally, it seems that the formation of the fluoro derivative 13 is promoted only under appropriate experimental conditions.
Experimental Section
General Procedures. Reaction progress was monitored by TLC on silica gel plates (Merck 60, F 254 , 0.2 mm). All melting points were determined on a Büchi 530 capillary melting point apparatus and are uncorrected. IR spectra were recorded with a Perkin Elmer Spectrum RXI FT-IR System spectrophotometer as solid in KBr disc or nujol mull supported on NaCl disks. Diazonium fluoroborate 11 was prepared from 2-amino-N-(1-phenyl-3-methyl-pyrazol-5-yl)benzamide following a reported procedure. 9 The crude product obtained by precipitation was dried by storing under vacuum in the presence of P 2 O 5 for fifteen days at 5-7 °C. The dried solid was then utilized for all the reactions (mp 139-140 °C dec., lit. 9 143-144 °C dec.).
Thermal transformation of the diazonium fluoroborate 11 by refluxing in acetonitrile.
A solution of 3 g (7.4 mmol) of diazonium fluoroborate 11 in acetonitrile (45 ml) was dried with anhydrous sodium sulfate. After 15 min, the solution was filtered, refluxed for 1 h and then solvent evaporated under vacuum. The residue was crystallized from absolute ethanol to give 4 (50% yield) identical in all respect to an authentic specimen of 3,4-dimethyl-1-phenylpyrazolo [3,4- 
Electrochemical reduction of diazonium tetrafluoroborate (11)
The electrochemical reduction of 11 was investigated by cyclic voltammetry at a platinum cathode. The cyclic voltammogram recorded for the diazonium tetrafluoroborate showed an irreversible monoelectronic peak at -0.4 V vs. SCE.
The electroanalytical experiments were carried out in CH 3 CN + 0.1 M LiClO 4 as supporting electrolyte. The counter-electrode and the reference electrode were a platinum spiral and SCE, respectively. Potential scans were performed by Ecochemie BV Autolab PGSTAT12. Electrolyses at controlled potential (0.6 V) were carried out under N 2 atmosphere in 0.1 M CH 3 CN solution of LiClO 4 (50 ml) containing 1.13 g of 11 in a cell divided through a cationexchange membrane Nafion 324. Note: generally the electrolyses showed a rapid decrease of the current density which prevented us carrying on the experiments up to total conversion of the substrate.
Experiments were performed at room temperature using a carbon cathode (compact graphite) and a platinum anode. The apparatus used to supply electric power was an AMEL Model 533 potentiostat, equipped with an AMEL Model 731 coulometer. The reaction mixture was evaporated to give a residue which was washed with water (3x10 ml) and then dichloromethane (3x30 ml). 
Crystallography
Crystals of 12 were mounted on an Enraf Nonius CAD-4 diffractometer. The structure was solved by direct methods (SIR-92 20 ) and the refinement carried out by full-matrix least-squares. 21 Non-hydrogen atoms were refined anisotropically, while hydrogen atoms were included at their calculated positions, riding on their parent atoms. Refinement was carried out by using SHELX-97 package 21 and by WINGX. 22 Crystallographic and refinement data are presented in Table 1; selected bond lengths and angles are in 
